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23 Traditional techniques for recognizing and quantifying 24 submicrometer objects, such as electron microscopy, small-25 angle X-ray scattering, and dynamic light scattering, despite 26 widespread use, suffer several drawbacks: electron microscopy 27 is low-throughput, time-consuming, and costly, while scatter-28 ing-based techniques provide only ensemble measurements of 29 an average particle size distribution, typically heavily biased 30 toward larger particle sizes. 1 Recently, single molecule 31 techniques have emerged including fluorescence correlation 32 spectroscopy (FCS), particle tracking analysis (PTA), and 33 tunable resistive pulse sensing (tRPS). While FCS can 34 accurately probe individual particles, labeling of the sample 35 with a fluorescent dye is required. In contrast, tRPS devices 36 allow label-free detection in the form of electrical spikes that 37 correspond to a rapid change in ion flux caused by a particle 38 occluding a small hole. Despite adaptability to a wide range of 39 Figure 1a , consists of two parallel PDMS microfluidic 82 channels linked by a short submicrometer nanochannel having 83 a triangular section. The horizontal channel is sealed on the 84 bottom via a glass coverslip, which offers the possibility of 85 fluorescence imaging using a high numerical aperture objective. 86 The inset schematically shows the functional part of the device 87 with the nanochannel highlighted by a red oval. As in RPS, an 88 electric field, applied using Ag/AgCl electrodes, electrophoreti-89 cally drives through the nanochannel charged fluorescent 90 nanoparticles in an electrolytic solution while an ionic current 91 is measured. Resistive pulses produced when nanoparticles 92 cross the nanochannel are recorded electrically, while optical 93 tracking is achieved using high-speed fluorescence imaging.
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Our sample is a suspension of negatively charged fluorescent 95 nanospheres with a nominal diameter of 40 nm (see SI). Using can be explained by the high electric field generated at the 112 channel. We study here the dynamics of nanosphere transport 113 using single particle tracking and electrical measurements. An integrated super-resolution image of an ensemble of 121 particles as these traverse the nanochannel is shown in Figure   122 2c (see SI for details). The cross-section of the nanochannel 123 has been designed to have a narrow region in the center, whose 124 width and length have been determined to be 230 ± 50 nm and 125 500 ± 50 nm, respectively. We observe a dark region in this 126 central constriction due to high particle velocity in the area.
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In Figure 3a 
129
The translocation of a nanosphere produces negative electrical In Figure 4a we show a set of sample trajectories that track 143 the position of individual nanoparticles during their transport 144 through the channel at a voltage of 300 mV. The (x,y) 145 coordinates of the trajectories are extracted from the movies 146 and analyzed to determine the diffusion coefficient outside the 147 nanochannel using Brownian diffusion theory (see SI). As 94% 148 of the voltage drops across the nanochannel at its inlet and 149 outlet, the motion of nanoparticles moving in the cis-and trans-150 microchannels is analyzed as unbiased diffusion. In order to 151 account for possible differences in D in the cis-and trans-152 microchannels, i.e., while nanospheres approach and exit the 153 nanochannel, D is estimated for each particle separately in the 154 two regions. The portion of the trace where particles cross the 155 nanochannel is excluded from the analysis. We considered 156 measurements of D for 54 trajectories in the cis-microchannel 157 and 58 in the trans-microchannel (see Figure 4b ), resulting in a 158 mean value of 6.4 ± 2.2 nm 2 /μs. According to the datasheet of 159 the nanoparticles used for experiments, the diameter of the 160 spheres are 48 ± 6 nm, yielding a theoretical diffusion 161 coefficient of D = 9.1 ± 1.1 nm 2 /μs. Therefore, the values Voltage-driven transport of nanoparticles and biomolecules 168 through nanostructures has been exhaustively studied in the last 169 years, and a quantitative model to relate the resistive pulse where v is the electrophoretic velocity and E the electric field 
